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| INTRODUCTION
Wolff-Parkinson-White (WPW) syndrome is characterized by the presence of a manifest accessory pathways (AP) between the atrium and ventricle, with associated AP-related tachycardia including atrioventricular reentrant tachycardia and pre-excited atrial fibrillation. Alterations in the ventricular contraction pattern in patients with WPW syndrome were reported in the 1970s. [1] [2] [3] Manifest APs cause ventricular pre-excitation because conduction through AP is usually faster than the atrioventricular node. Ventricular preexcitation can cause chronic dyssynchrony and regional wall motion abnormality (RWMA). In some patients with WPW syndrome, heart failure can occur. 4 However, only studies with small samples have reported the risk factors for left ventricular (LV) dysfunction and the effects of radiofrequency catheter ablation (RFCA) on AP-related RWMA in patients with WPW syndrome. 5, 6 Therefore, the objective of the current study was to elucidate the effects of APs on LV wall motion and the impact of RFCA on AP-related RWMA in patients with WPW syndrome.
| MATERIALS AND METHODS

| Study population and electrophysiological study
The study design was approved by the institutional review board and the study was conducted in compliance with the Declaration of Helsinki. The need for informed consent was waived by the institutional review board as this was a retrospective study.
We included consecutive patients with WPW syndrome who underwent pre-RFCA echocardiography and RFCA for AP at a university hospital between January 2011 and May 2017. Patients with coronary artery disease, cardiomyopathies (except tachycardia-induced cardiomyopathy), significant valvular heart disease, congenital heart disease, and left bundle branch block or nonspecific interventricular conduction delay after RFCA for AP were excluded. The diagnosis of the coronary artery disease was based on typical angina symptoms, results of an exercise or pharmacologic stress test, cardiac computed tomography (CT) findings, and coronary angiographic findings.
In all patients, 12-lead electrocardiography (ECG) and transthoracic echocardiography were performed using the standard methods before the electrophysiological study was conducted. The PR interval, QRS duration, QT interval corrected using Bazett formula (QTc), and delta wave polarity was measured from pre-RFCA ECGs. LV end-diastolic and systolic dimensions and LV ejection fraction (LVEF) were measured from echocardiograms using the biplane Simpson method. LV wall motion was recorded at the basal, mid, and apical levels of the parasternal short-axis view and in the apical four-chamber, two-chamber, and three-chamber views. During the electrophysiological study, the inducibility of tachyarrhythmias by programmed electric stimuli and the precise AP location were confirmed, and then RFCA for the AP was performed. The endpoints of the RFCA included the disappearance of the delta wave on the surface ECG, an absence of antegrade and retrograde conductions through AP, and an absence of the ability to induce tachyarrhythmias. ECG was performed on the first day followed by 2 weeks and 3 to 6 months after RFCA.
| Preprocedural and postprocedural data
We retrospectively reviewed the electronic medical records, ECG 
| Statistical analyses
The normally and nonnormally distributed continuous data are expressed as the mean ± SD and median (interquartile range), respectively. The categorical data are expressed as numbers (%).
We compared the clinical parameters between the groups using the Student t test for normally distributed continuous data and the APs. The PR interval was significantly shorter in the right AP group than in the left AP group. The QRS duration was significantly longer in the right AP group than in the septal AP group, and it was significantly longer in the septal AP group than in the left AP group. LVEF was significantly lower in the right AP group than in the left AP group. Decreased LVEF, RWMA at the AP location, and dyskinesia were significantly more frequent in the right and septal AP groups than in the left AP group. The acute success rate was significantly lower in the septal AP group than in the right and left AP groups. The recurrence rate was significantly higher in the right and septal AP groups than in the left AP group. There was significantly less improvement in RWMA after RFCA in the right AP group than in the septal and left AP groups. There were no significant differences in age at RFCA, sex, and induced tachyarrhythmia among the groups. The same letters indicate nonsignificant difference among the groups based on Bonferroni multiple comparison tests. * The denominator is the number of patients with RWMA who underwent post-RFCA echocardiography.
| Comparison between the RWMA and no RWMA groups
(32.8%) patients had RWMA. The QRS duration and QTc were significantly longer in the RWMA group than in the no RWMA group. LVEF was significantly lower in the RWMA group than in the no RWMA group. Decreased LVEF and right and septal APs were significantly more frequent in the RWMA group than in the no RWMA group. There were no significant differences in age at RFCA, sex, the PR interval, the frequency of multiple APs, induced arrhythmia, and acute success and recurrence rates between the RWMA and no RWMA groups. Table 3 shows the baseline characteristics, ECG, echocardiographic, and electrophysiological findings, and RFCA outcomes between the RWMA improvement and no RWMA improvement groups. The QRS duration was significantly shorter in the RWMA improvement group than in the no RWMA improvement group. Decreased LVEF, dyskinesia, and right AP were significantly more frequent in the no RWMA improvement group than in the RWMA improvement group. There were no significant differences in age at RFCA, sex, the PR interval, QTc, LVEF, induced arrhythmia, acute success and recurrence rates, and the duration between RFCA and post-RFCA echocardiography between the groups. In the univariate logistic regression analysis, right AP and dyskinesia were significantly associated with an absence of RWMA improvement after RFCA (Table 4) . Right AP had a higher OR for an absence of RWMA improvement than dyskinesia. As there was multicollinearity in right AP and dyskinesia, multivariate logistic regression analysis was not conducted.
| DISCUSSION
In this study, we determined that RWMA at the AP location was more common in patients with right and septal APs than in patients with a left AP. Post-RFCA RWMA improvement rates were significantly lower in patients with right AP and dyskinesia than in those with septal or left AP and other RWMA patterns.
| Manifest AP and RWMA
In patients with WPW syndrome, manifest AP may cause tachyarrhythmias and ventricular pre-excitation. Since the first description of AP-related RWMA, many case studies have been published. 4, [7] [8] [9] In patients with WPW syndrome, the ventricular myocardium adjacent to the AP contracts earlier than the other ventricular myocardium because of the differences in conduction velocity. Pre-excited ventricular segments can be a cause of chronic dyssynchrony and RWMA at the AP location. Ventricular pre-excitation can also affect LV function and cause cardiomyopathy and heart failure, irrespective of the presence of tachyarrhythmia.
10,11
| AP locations
Our results correspond with prior reports that described that the impact of the AP on LV wall motion is different according to the AP location. 6, [12] [13] [14] As the right and septal APs are closer to the sinus node than the left AP, electrical impulses from the sinus node reach the right or septal AP earlier than the left AP. Therefore, LV pre-excitation starts earlier in the right or septal AP than in the left AP. In other words, the LV pre-excitation area is larger in the right or septal AP than in the left AP. A wider QRS complex in the right and septal AP groups is suggestive of a larger LV pre-excitation area. A large ventricular pre-excitation area might lead to a high probability of RWMA and LV dysfunction.
Controversial results have been reported about which APs are more likely to cause ventricular dyssynchrony between right and septal APs. In many of the previous studies, a septal AP significantly affected LV wall motion, 6,12-14 whereas in some studies, a right or left AP was associated with LV dyssynchrony. 15, 16 The effects of septal APs on LV wall motion seem to be similar to those of right APs, based on some previous studies and the current study. 17 
| RWMA patterns
The parasternal short-axis view and M-mode of the LV basal level in echocardiography are useful for visualizing AP-related RWMA. 18 Many reports on dyskinesia and global hypokinesia in WPW syndrome have been published. 6, 11, 19 However, hypokinesia was the most frequent RWMA pattern in the current study. 
| Reversibility of RWMA
Many cases of dyskinesia and its resolution after RFCA have been reported. 4, 5, 7, 9 However, RWMA at the AP location was not improved in about one-third of the patients in the current study. In the studies that used cardiac CT and magnetic resonance imaging This might be because more pre-excitation and dyssynchrony in the right AP could increase shear stress and, consequently, lead to ventricular fibrosis.
| Clinical implications
In patients with WPW syndrome, echocardiography should be performed before and after RFCA. A meticulous review of 
| Study limitations
As this was a retrospective study, only a small number of patients underwent echocardiography after RFCA, and the timing of post-RFCA echocardiography was not consistent. In the patients whose RWMA did not improve, an RFCA lesion might have been a cause of the lack of improvement of RWMA.
Intermittent ventricular pre-excitation after RFCA could be missed in the patients in whom the physicians considered RFCA as successful. Strain echocardiography, cardiac CT, or MRI could not be performed. If strain echocardiography was performed, detailed LV wall motion could be visualized. If cardiac CT or MRI was performed, suggestive mechanisms of RWMA irreversibility could be elucidated. Further studies using strain echocardiography and cardiac MRI are needed to confirm the current study's results.
T A B L E 3 Baseline characteristics, electrocardiographic, and electrophysiological findings and outcomes of patients with and without improvement in regional wall motion abnormality after radiofrequency catheter ablation Abbreviations: AF, atrial fibrillation; AP, accessory pathway; AT, atrial tachycardia; AVRT, atrioventricular reentrant tachycardia; EPS, electrophysiological study; LVEF, left ventricular ejection fraction; RFCA, radiofrequency catheter ablation; RWMA, regional wall motion abnormality. Continuous data are expressed as the median (interquartile range). * A statistical comparison was not performed because of the small number of patients.
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